
NATIONAL BUREAU OF STANDARDS REPORT

9522

Examination of

Electroformed Printing Plates

By

I . J . Fei nberg
and

W. F. Gerhold
Engineering Metallurgy Section

A

To

Electrolytic Section
Bureau of Engraving and Printing

U. S. DEPARTMENT OF COMMERCE

NATIONAL OUREAU OF STANDARDS



THE NATIONAL BUREAU OF STANDARDS

The National Bureau of Standards is a principal focal point in the Federal Government for assur-

ing maximum application of the physical and engineering sciences to the advancement of technology
in industry and commerce. Its responsibilities include development and maintenance of the national

standards of measurement, and the provisions of means for making measurements consistent with
those standards; determination of physical constants and properties of materials; development of

methods for testing materials, mechanisms, and structures, and making such tests as may be neces-

sary, particularly for government agencies; cooperation in the establishment of standard practices

for incorporation in codes and specifications; advisory service to government agencies on scientific

and technical problems; invention and development of devices to serve special needs of the Govern-
ment; assistance to industry, business, and consumers in the development and acceptance of com-
mercial standards and simplified trade practice recommendations; administration of programs in

cooperation with United States business groups and standards organizations for the development
of international standards of practice; and maintenance of a clearinghouse for the collection and
dissemination of scientific, technical, and engineering information. The scope of the Bureau’s

activities is suggested in the following listing of its three Institutes and their organizational units.

Institute for Basic Standards. Applied Mathematics. Electricity. Metrology. Mechanics. Heat.

Atomic Physics. Physical Chemistry. Laboratory Astrophysics.* Radiation Physics. Radio Standards

Laboratory:* Radio Standards Physics; Radio Standards Engineering. Office of Standard Reference

Data.

Institute for Materials Research. Analytical Chemistry. Polymers. Metallurgy. Inorganic Mate-

rials. Reactor Radiations. Cryogenics.* Materials Evaluation Laboratory. Office of Standard Refer-

ence Materials.

Institute for Applied Technology. Building Research. Information Technology. Performance
Test Development. Electronic Instrumentation. Textile and Apparel Technology Center. Technical

Analysis. Office of Weights and Measures. Office of Engineering Standards. Office of Invention and
Innovation. Office of Technical Resources. Clearinghouse for Federal Scientific and Technical

Information.**

* Located at Boulder, Colorado, 80301.

**Located at 5285 Port Royal Road, Springfield, Virginia, 22171.



NATIONAL BUREAU OF STANDARDS REPORT

NBS PROJECT MAY 4 W7 NBS REPORT

3120641 9522

Examination of

E lectroformed Printing Plates

By

I . J . Fei nberg
and

W. F. Gerhold
Engineering Metallurgy Section

To

Electrolytic Section
Bureau of Engraving and Printing

IMPORTANT NOTICE

NATIONAL BUREAU OF ST

for use within the Government,

and review. For this reason, th

whole or in part, is not autho

Bureau of Standards, Washingl

the Report has been specifically

Approved for public release by the

director of the National Institute of

Standards and Technology (NIST)

on October 9, 2015

ss accounting documents intended

subjected to additional evaluation

listing of this Report, either in

e Office of the Director, National

the Government agency for which

spies for its own use.

U. S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDARDS



1 i

;

* .



Examination of E 1 ect roformed Printing Plates

Material Submitted : Twelve strips removed from electroformed plates and

identified in Table 1 were submitted for examination of mechanical
properties and microstructure. As received, the strips were as electro-
formed (bright, smooth finish) on one face and ground on the other.

The strips were submitted because plates of the types from which
they were taken would stretch during usage and eventually exceed a usable
size. This indicated that the yield strength of the electroformed plate
materials was too low for the loads they were required to bear. Therefore
the mechanical property tests and microexaminations were performed to

establish quantitatively the nature of the plates.

Hardness : Macrohardness measurements obtained on strip specimens are as

fol lows

:

gram

Spec i men Hardness, Rockwel 1 A
No

.

Pol i shed Face Ground Face

1A 54.0 54.2
IB 51.5 52.3
2A 46.1 45.9
2B 45-9 45.9
3A 52.5 52.0
3B 51 .8 53.2
4A 53.0 56.9
4B 49.0 52.5
5A 37.5 (nickel) 39.9 (iron)
5B 38.2 (nickel) 39.2 (iron)
5C 37*4 ( n i c ke 1 ) 39.0 ( i ron)

5D 36.3 ( n i c ke 1 ) 38.8 ( i ron)

li crohardness measurements obtained using a Knoop indentor,
oad and 20 X objective are as follows:

Spec i men KHN, Approx . Rockwel 1 B, eq

No. Polished Face Polished Face

1A 229 96
IB 182 89
2A 210 92
2B 227 95
3A 138 70
3B 225 95
4A 197 89
4b 218 93
5A 195 89
5B 142 71

5C 202 90
5D 202 90

200

ui va 1 ent y
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Tensile Properties : Tensile test specimens 1A, IB, 2A, 2B, 3A, 3& and 4B

were prepared with a nominal 0.400 inch width and 2.00 inch gage length in

the reduced section. Tensile test specimens 5A, 5C and 5D were prepared
with a nominal 0.250 inch width and 2.00 inch gage length in the reduced
section. As-received thickness of the strips was maintained in the

machined tensile test specimens. Tensile properties obtained are given in

Table 2.

Meta 1 lographi c Examination : Figures la and lb are photomicrographs of the

unetched structures of specimens from plates 2A and 5A, respectively. The
blapk round discontinuities in Figure la appear to be pores in the material.
The illustration represents the worst condition of this type observed in

all of the material. Figure lb is presented to show the bond between the

nickel and iron in 5A. The bond shown is representative of the good bond
observed in all of the laminated Ni-Fe material.

Considerable variation in grain size was observed on examination of

the etched structures of the nickel plates. An example of the thin

relatively short columnar grains observed in plates 1A, IB, 2A and 2B is

shown in Figure 2a. Columnar grains intermediate in length found in plates
3A and 3B are shown in Figure 2b. Relatively long columnar grains observed
in plates 4A and 4B are shown in Figure 2c.

Thin columnar grains observed in the nickel element of laminated
plates 5A and 5B were similar in length and appearance (Figure 3 fi ) • Short
columnar grains, not well defined, were observed in the nickel element of

laminated plates 5C and 5& (Figure 3b). The unetched layer in the nickel
element adjacent to the interface of the nickel and iron elements shown
in both Figures 3a and 3b may be due to a composition effect. It appears
that an iron rich Ni-Fe alloy in this area resisted attack by the etching
reagent

.

Discussion and Conclusions : Mechanical properties found for the all-nickel
samples varied over a considerable range. There appears to be some cor-
relation between the macrohardness (Rockwell A) oh the polished surfaces
and the yield strength and ultimate tensile strength of this material;
the higher the Rockwell A hardness the higher the yield strength and
ultimate tensile strength. It was also found, in general, that the
higher the macrohardness the lower the ductility (percent elongation).
No correlation between microhardness (KHN) and the other mechanical
properties could be established. There was a perceptible correlation
between macrohardness found on the polished faces and grain size; the

finer the grain size the greater the hardness.
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Mechanical properties for the nickel-iron samples showed little range.

Except for ductility all mechanical properties in this group were lower

than those found in the all nickel samples. The dissimilarity in the

structure of the nickel elements in 5A and 5B versus 5C and 5& had no

apparent effect on mechanical properties.

Exceptionally low microhardnesses were found on the polished faces of
plates 3A and 5B. The porosity observed in the material is not considered
to be detrimental

.

As a result of these tests, it appears as though plates of the type
from which specimens 1A and IB were taken, would resist stretching to a

greater cjegree than any of the other plates, and that the nickel-iron
laminate plates would be the easiest to stretch. An obvious solution to

the problem is to make plates with higher yield strengths either by

changing plating procedures or going to higher strength metals or alloys.
Another possibility involves the strengthening of nickel-iron composite
plates by carburizing and strengthening the iron backing. This procedure
is being investigated and will be reported separately.

USCOMM- NBS -DC
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